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S i x  r o t a r y  wing a v i a t o r s  were s u b j e c t s  i n  a cont inuous o p e r a t i o n  regimen 
i n v o l v i n g  some 12 hours o f  f l y i n g  and 3.5 hours s l e e p  d a i l y  f o r  f i v e  days. 
Est imates o f  performance on a dynamic v i s u a l  a c u i t y  (DVA) t a s k  were o b t a i n e d  

, severa l  t imes each day d u r i n g  t h e  s tudy  u s i n g  t a r g e t  v e l o c i t i e s  o f  25" and 
40"/sec. DVA performance v a r i e d  s i g n i f i c a n t l y  d u r i n g  t h e  f a t i g u e  regimen 
when measurements were made w i t h  t a r g e t  v e l o c i t i e s  of 40"/sec; w i t h  lower  
v e l o c i t y  t a r g e t s  d i f f e r e n c e s  i n  DVA scores were n o t  s i g n i f i c a n t .  T h i s  i n d i -  
ca tes  t h e  need t o  t a x  t h e  oculomotor  system t o  demonstrate f a t i q u e  e f f e c t s .  
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SUMMARY 

Six r o t a r y  wing av ia to rs  were subjects i n  a continuous operat ion 

Estimates o f  performance on a dynamic v isual  acu i t y  (DVA) 
regimen invo lv ing  some 12 hours o f  f l y i n g  and 3.5 hours sleep d a i l y  f o r  
f i v e  days. 
task were obtained several times each day dur ing the study using t a r g e t  
v e l o c i t i e s  o f  25" and 40"/sec. DVA performance var ied s i g n i f i c a n t l y  
dur ing the f a t i g u e  regimen when measuremmts were made w i t h  t a r g e t  
v e l o c i t i e s  o f  40°/sec; w i t h  lower v e l o c i t y  targets  d i f ferences i n  DVA 
scores were no t  s i g n i f i c a n t .  This ind icates the need t o  tax  the ocu- 
lomotor system t o  demonstrate f a t i g u e  e f fec ts .  
p a r t i a l l y  obscured by p rac t i ce  e f f e c t s  which are considerable i n  the  DVA 
task. 
f a t i g u e  i n t e n s i t y  and f l y i n g  performance, and I P  r a t i n g s  o f  performance, 
bu t  the c l u s t e r  o f  co r re la t i ons  provided a consis tent  p ic ture.  

Fatigue e f f e c t s  were 

DVA scores co r re la ted  only  modestly w i t h  subject ive estimates o f  
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INTRODUCTION 

Good dynamic v i s u a l  a c u i t y  (DVA), which i s  a measure o f  r e s o l u t i o n  
i n  t h e  presence o f  r e l a t i v e  mot ion  between t h e  observer  and t h e  o b j e c t  
b e i n g  regarded, i s  c r i t i c a l  f o r  t h e  accomplishment o f  A rmy  h e l i c o p t e r  
miss ions .  Because o f  t h e  ex t remely  low a l t i t u d e s  f lown,  p a r t i c u l a r l y  i n  
t h e  nap-o f - the-ear th  f l i g h t  p r o f i l e ,  even a t  modest a i r  speeds angu lar  
v e l o c i t i e s  between a v i a t o r  and o b j e c t  exceed 100"/second, s e r i o u s l y  
t a x i n g  v i s u a l  r e s o l u t i o n  o f  n a v i g a t i o n a l  landmarks, t a r g e t s ,  and hazards 
such as power l i n e s .  

Recogniz ing t h e  re levance o f  DVA t o  m i l i t a r y  a v i a t i o n ,  a compre- 
hensive,  sys temat ic  a n a l y s i s  o f  dynamic v i s u a l  a c u i t y  was conducted by 
Ludv igh  and M i l l e r  a t  t h e  Naval School o f  A v i a t i o n  Medicine1,2,3,4.  
Beg inn ing  i n  1953 and ex tend ing  f o r  n e a r l y  a decade, these s t u d i e s  
p r o v i d e d  a broad da ta  base o f  DVA performance and l e d  t o  a number o f  
i m p o r t a n t  g e n e r a l i z a t i o n s :  ( a )  DVA d e t e r i o r a t e s  s i g n i f i c a n t l y  and pro-  
g r e s s i v e l y  b u t  w i t h  l a r g e  i n d i v i d u a l  v a r i a t i o n  as t h e  t a r g e t  angu lar  
v e l o c i t y  increases;  ( b )  DVA i s  r e l a t i v e l y  u n i n f l u e n c e d  by t h e  p l a n e  and 
d i r e c t i o n  o f  mot ion  o f  t h e  t a r g e t ,  o r  whether t h e  r e l a t i v e  mot ion  i s  
produced by moving t h e  t a r g e t  r e l a t i v e  t o  a s t a t i o n a r y  observer ,  o r  v i c e  
versa; ( c )  DVA improves w i t h  p r a c t i c e ,  p a r t i c u l a r l y  f o r  t h e  r e l a t i v e l y  
h i g h e r  t a r g e t  v e l o c i t i e s ,  b u t  i n d i v i d u a l  d i f f e r e n c e s  i n  p r a c t i c e  e f f e c t s  
a r e  l a r g e ;  ( d )  DVA and s t a t i c  a c u i t y  a r e  n o t  s i g n i f i c a n t l y  c o r r e l a t e d .  

Dynamic v i s u a l  a c u i t y  i s  an ex t remely  complex v i s u a l  task ,  p e r -  
formance o f  which i s  r e l a t e d  t o  a t  l e a s t  t h r e e  separable v i s u a l  s k i l l s :  
t h e  s t a t i c  a c u i t y ,  oculomotor performance, and r a p i d  v i s u a l  i n f o r m a t i o n  
process ing.  
evidenced by t h e  low c o r r e l a t i o n  between these measures, e s p e c i a l l y  as 
a n g u l a r  v e l o c i t y  i s  inc reased5.  Perhaps t h e  f i r s t  a n a l y s i s  o f  eye 
movement p a t t e r n s  d u r i n g  DVA performance was made by Crawford'.  
demonstrated an i n v e r s e  r e l a t i o n s h i p  between l a t e n c y  o f  t h e  saccadic  eye 
movement and DVA accuracy.  He a l s o  found t h a t  w i t h  h i g h  v e l o c i t y  t a r g e t s ,  
t r a c k i n g  c o n s i s t s  of a s e r i e s  o f  saccades w i t h  l i t t l e ,  i f  any, a c c u r a t e  
smooth p u r s u i t .  Crawford f u r t h e r  de f ined two types o f  e r r o r  o f  f i x a t i o n  
i n  DVA: p o s i t i o n  e r r o r ,  i n  which t h e  t a r g e t  c r i t i c a l  d e t a i l  i s  n o t  
imaged i n  t h e  c e n t r a l  fovea, and v e l o c i t y  e r r o r ,  i n  which eye t r a c k i n g  
and t a r g e t  v e l o c i t i e s  d i f f e r  r e s u l t i n g  i n  r e t i n a l  smearing. 
because 6 f  t h e  b r i e f  t i m e  p e r i o d  of moving t a r g e t  p r e s e n t a t i o n ,  DVA may 
a l s o  be r e l a t e d  t o  c e n t r a l  i n f o r m a t i o n  process ing ,  b u t  s t u d i e s  addressed 
s p e c i f i c a l l y  t o  t h i s  p o i n t  a r e  l a c k i n g ,  

That  DVA depends upon more than t h e  s t a t i c  a c u i t y  i s  

He 

F i n a l l y ,  

Because o f  t h e  dependence o f  DVA upon r e t i n a l ,  ocu lomotor  and 
c e n t r a l  f a c t o r s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  it, u n l i k e  s i m p l e r  measures 
o f  v i s u a l  performance, has been found t o  be r e l a t e d  t o  a v a r i e t y  o f  
v a r i a b l e s :  age, sex, d r i v i n g  performance, anoxemia, a l c o h o l ,  mar i juana,  



and reduced i l l u m i n a t i o n ;  hence, t o  be a p o t e n t i a l l y  va luab le  measure o f  
o v e r a l l  v i s u a l  f u n c t i o n i n g  i n  a number o f  a p p l i e d  s i t u a t i o n s .  While a 
d e l e t o r i o u s  e f f e c t  o f  f a t i g u e  on DVA has been hypothes ized4,  the  present  
s tudy i s  t he  f i r s t  t o  i n v e s t i g a t e  t h i s  r e l a t i o n s h i p .  

METHOD 

Subjects .  Ss f o r  t he  present  i n v e s t i g a t i o n  were s i x  ( 6 )  r o t a r y  
wing a v i a t o r s  between the  ages o f  twenty-ohe and twenty -s ix .  
had j u s t  completed r o t a r y  wing f l i g h t  school and had logged approx i -  
mate ly  200 f l i g h t  hours p r i o r  t o  the  t e s t .  

A l l  p i l o t s  

Apparatus. The DVA apparatus was a compact, s p e c i a l l y  cons t ruc ted  
f i e l d - t r a n s p o r t a b l e  u n i t .  
Lomb checkerboard pa t te rns .  The p i l o t ' s  d i s tance  f rom the  r e a r  p ro-  
j e c t i o n  screen (53 " )  was f i x e d  by a c h i n r e s t ,  and t h e  screen subtended 
12 1/4" v i s u a l  angle h o r i z o n t a l l y .  F i v e  t a r g e t  s i zes  were used, f o r  
which the  angu lar  s i z e  o f  the  c r i t i c a l  d e t a i l  v a r i e d  f rom 1.3 '  t o  2 . 8 ' .  
Targe t  luminance was approx imate ly  37fL,  background 1.1 f L ,  and c o n t r a s t  
94%. The checkerboard t a r g e t s  were prepared as 2" X 2' '  s l i d e s  and were 
p r o j e c t e d  on to  the  screen us ing  a random access p r o j e c t o r  v i a  a General 
Scanning Model 6124 scanner. Target  v e l o c i t y  was c o n t r o l l e d  by t h e  ramp 
ou tpu t  o f  a Wavetek Model 134 Sweep Generator. The r e t u r n  sweep o f  t h e  
scanner was blanked by a Gerbrands s h u t t e r .  

Targets,  f o l l o w i n g  Burg7 , were t h e  Bausch and 

Procedure. 
n a t i o n  of b iochemical  and psychophys io log ica l  measures o f  f a t i g u e  produced 
by a cont inuous opera t i on  regimen i n v o l v i n g  some 12 hours o f  f l y i n g  and 
3 .5  hours s leep d a i l y  f o r  5 days. 
up w i t h  exper imenta l  procedures and meals. Break fas t ,  lunch, and d inne r  
were 30 minutes and a l a t e  n i g h t  snack was 15 minutes du ra t i on .  A 
d e t a i l e d  r e p o r t  o f  t he  broader s tudy i s  conta ined i n  re fe rence 8. 
p i l o t s  were r u n  a t  a t ime.  Dur ing the  exper iment they  l i v e d  a t  t h e  
USAARL High F a l l s  F i e l d  Tes t  S t a t i o n .  
g i ven  an o r i e n t a t i o n ,  i n c l u d i n g  f a m i l i a r i t y  w i t h  the  DVA task,  and had a 
normal n i g h t ' s  s leep. On Sunday, c o n t r o l  da ta  were ob ta ined on a l l  
b iochemical  and l a b o r a t o r y  psychophys io log ica l  t e s t s .  The f i r s t  and 
each subsequent f l y i n g  day commenced a t  0430 and ended a t  0100 except 
f o r  the  f i f t h  ( l a s t )  f l y i n g  day when the  f l y i n g  ended i n  t h e  l a t e  
a f te rnoon.  The p i l o t s  had a f u l l  n i g h t ' s  s leep t h a t  n i g h t  and were n o t  
awakened u n t i l  0600 the  nex t  day. That day was another  c o n t r o l  day. 
The p i l o t s  spent the  nex t  two days away f rom the  t e s t i n g  area then 
re tu rned  f o r  a f i n a l ,  recovery,  c o n t r o l  day. 

The present  s tudy was a n c i l l a r y  t o  a broader de termi -  

The remainder o f  t h e  t ime was taken 

Two 

They a r r i v e d  on a Saturday, were 

Dynamic v i s u a l  a c u i t y  performance was assessed a t  0600, be fo re  and 
a f t e r  lunch and d inner ,  and before r e t i r i n g .  For the  f i r s t  two sub jec ts ,  
two checkerboard t a r g e t  v e l o c i t i e s  were used, 20" and 30°/sec, w i t h  a 
descending method o f  l i m i t s  procedure. We found, f i r s t  o f  a l l ,  t h a t  
20°/sec was too  slow t o  p rov ide  usefu l  in fo rmat ion ,  and secondly, t h a t  

2 



t h e  method o f  l i m i t s  was i n a p p r o p r i a t e  because o f  t h e  f l u c t u a t i o n s  o f  
a t t e n t i v e n e s s  ( " l a p s e s " )  t h a t  c h a r a c t e r i z e s  f a t i g u e ' .  

For  t h e  subsequent f o u r  p i l o t s  we increased t a r g e t  v e l o c i t i e s  t o  
25" and 40"/sec and used t h e  method o f  c o n s t a n t  s t i m u l i .  The r e s u l t s  
f o r  these f o u r  s u b j e c t s  o n l y  w i l l  be repor ted .  
DVA performance, t h e  p i l o t  r e c e i v e d  30 t r i a l s ,  15 a t  t h e  lower  t a r g e t  
v e l o c i t y  f o l l o w e d  by 15 t r i a l s  a t  t h e  h i g h e r  v e l o c i t y .  Each 15 t r i a l  
b l o c k  c o n s i s t e d  o f  a randomized order iv ig  o f  t h e  5 . ta rge t  s izes ,  3 each 
a t  any o f  t h e  f o u r  p o s s i b l e  o r i e n t a t i o n s :  top,  bottom, l e f t ,  o r  r i g h t .  
Each t r i a l  was preceded by a v e r b a l  " ready"  s i g n a l  and t a r g e t  movement was 
always h o r i z o n t a l ,  l e f t  t o  r i g h t .  For  q u a n t i f i c a t i o n  o f  DVA performance, 
t h e  e a s i e s t  t a r g e t s  ( 2 . 8 ' )  were ass igned a w e i g h t  f a c t o r  o f  1 and p r o -  
g r e s s i v e l y  more d i f f i c u l t  t a r g e t s  were ass igned we igh ts  o f  2, 3, 4, and 
5. The DVA score  c o n s i s t e d  o f  t h e  sum o f  t h e  produc ts  o f  t h e  w e i g h t i n g  
f a c t o r s  and number c o r r e c t  f o r  each l e v e l  o f  d i f f i c u l t y  normal ized  so 
t h a t  e r r o r l e s s  performance was assigned a score  o f  100. 

For each assessment o f  

RESULTS AND DISCUSSION 

DVA Performance. The mean DVA performance scores over  exper imenta l  
days a r e  d e p i c t e d  i n  F i g u r e  1 by t h e  s o l i d  l i n e s  s e p a r a t e l y  f o r  t h e  25" 
and 40"/sec t a r g e t  v e l o c i t i e s .  The f i v e  f l y i n g  days a r e  bounded by t h e  
broad v e r t i c a l  l i n e s .  The broad i n t e r r u p t e d  h o r i z o n t a l  l i n e  d e p i c t s  
chance performance l e v e l  (25%). I t  may be seen t h a t  performance improved 
f rom t h e  c o n t r o l  day t o  t h e  f i r s t  f l y i n g  day, and a g a i n  d r a m a t i c a l l y  on 
t h e  f i r s t  day a f t e r  a good n i g h t ' s  s l e e p  f o l l o w i n g  t h e  f i v e  f l y i f i g  days. 
D i f f e r e n c e s  i n  DVA scores over  days were s i g n i f i c a n t  a t  l e s s  than t h e  
.02 l e v e l  (F=3.217, df=7,21) f o r  40"/sec and approached s i g n i f i c a n c e  a t  
25"/sec (F=2.307, df=7,21, p=.065). A l s o  p o r t r a y e d  i n  F i g u r e  1 ( t h e  
dashed l i n e s  connect ing  t h e  DVA scores on Days 2 and 7)  i s  a h y p o t h e t i -  
c a l  DVA p r a c t i c e  o r  l e a r n i n g  curve  which would be expected i n  t h e  
absence o f  f a t i g u e " .  The d i f f e r e n c e s  i n  t h e  two curves p r o v i d e  e s t i -  
mates o f  t h e  DVA decrement w i t h  f a t i g u e .  

R e l a t i o n  o f  DVA Scores - t o  ___ Other  --- Measures. A t  t h e  end o f  each -- 
f l y i n g  sess ion th roughout  t h e  exper iment,  t h e  p i l o t s  s c a l e d  t h e i r  sub- 
j e c t i v e  es t imates  o f  f a t i g u e  by p l a c i n g  a mark on a p r i n t e d  l i n e  o f  
s tandard length ,  t h e  p o s i t i o n  of t h e  mark i n d j c a t i n g  f a t i g u e  i n t e n -  
s i t y . "  The mean f a t i g u e  i n t e n s i t y  r a t i n g s  f o r  t h e  f i v e  f l y i n g  days a r e  
s c h e m a t i c a l l y  presented i n  F i g u r e  2. Over t h e  f i v e  f l y i n g  days, f a t i g u e  
r a t i n g s  inc reased g r a d u a l l y  d u r i n g  t h e  day then r a p i d l y  a t  n i g h t ;  t h e y  
inc reased r a p i d l y  t h e  f i r s t  day o r  two and g r a d u a l l y  beyond. 
v a r i a t i o n s  a r e  h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t  w h i l e  t h e  i n t e r a c t i o n  
between them i s  n o t .  The c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  between 
these r a t i n g s  and t h e  DVA scores ob ta ined a few minutes l a t e r  (based on 
18 p a i r s  o f  measures) f o r  each of t h e  f o u r  p i l o t s  a r e  -0.23, -0.42, 
0.15, and -0.18. 
as expected, b u t  s i g n i f i c a n t  o n l y  f o r  t h e  second pi lot :  

Both 

For  t h r e e  o f  t h e  four  s u b j e c t s ,  t h e  r s  a r e  negat ive ,  
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I n  s p i t e  o f  t he  b u i l d  up of f a t i gue  over f l y i n g  days, t he  p i l o t s  
d i d  n o t  assess t h e i r  f l y i n g  performance t o  be impaired, and t h i s  i s  
cor robora ted  by r a t i n g s  of the  accompanying sa fe ty  p i l o t s  ( I P S ) .  These 
mean r a t i n g s  a re  g i ven  i n  F igure  3. None of t he  v a r i a t i o n s  o f  f l i g h t  
performance r a t i n g s ,  e i t h e r  the  p i l o t s '  o r  the  I P S ' ,  as a f u n c t i o n  of 
t ime o f  day o r  o r d i n a l  f l y i n g  day, a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
c o r r e l a t i o n  c o e f f i c i e n t s  obta ined between these r a t i n g s  and the  DVA 
scores obta ined a few minutes l a t e r  f o r  each of t he  p i l o t s  are:  0.19, 
0.30, 0.22, 0.20 f o r  t he  p i l o t s '  own r a t i n g s ,  and 0.34, 0.39, 0.08, and 
0.33 f o r  the  I P S '  r a t i n g s .  
a l l  a re  p o s i t i v e  as expected, and taken toTether  p rov ide  a cons is ten t  
p i c t u r e .  

None of these r s  reach s i g n i f i c a n c e ,  a l though 

The r e l a t i v e l y  smal l  v a r i a t i o n s  observed i n  t h i s  s tudy i n  DVA 
performance i n d i c a t e  the  need f o r  improved s e n s i t i v i t y  o f  measurement. 
The obfuscat ion o f  a f a t i g u e  e f fec t  by the  benef i t s  o f  p r a c t i c e  -- seen 
a l s o  i n  o t h e r  measures o f  oculomotor performance12 -- suggests the  need 
f o r  extended p r a c t i c e  p r i o r  t o  the  exper imental  p e r i o d  t o  assure t h a t  
performance i s  asymptot ic,  o r  the  use of a method, perhaps vary ing  
d i r e c t i o n  o f  mot ion randomly, w i th  which p r a c t i c e  e f f e c t s  would be 
minimal.  Wi th  the  r e l a t i v e l y  r e s t r i c t e d  range of DVA scores, as w e l l  as 
those o f  t he  s u b j e c t i v e  fa t i gue  and f l i g h t  performance measures, the  low 
c o r r e l a t i o n s  observed a r e  n o t  e n t i r e l y  s u r p r i s i n g .  
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Figure  1. V a r i a t i o n  o f  DVA mean scores over exper imental  days ( s o l i d  curves)  
and hypo the t i ca l  p r a c t i c e  f u n c t i o n s  (dashed curves)  t h a t  would be 
expected i n  the  absence o f  f a t i g u e .  
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